US 20100241373A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2010/0241373 A1

Watanabe 43) Pub. Date: Sep. 23, 2010
(54) ESD PROTECTION VERIFICATION 30) Foreign Application Priority Data
APPARATUS AND METHOD
Mar. 18,2009  (JP) .eoevveriencciceceienee 2009-067011
(75) Inventor: Kentaro Watanabe, Essex Publication Classification
Junction, VT (US) (51) Imt.ClL
GOIR 31/02 (2006.01)
Correspondence Address: (52) US.Cl .ot 702/58
TUROCY & WATSON, LLP 67 ABSTRACT
ICZI‘ZEP\I;EES&SN(III)I a{)eﬁSZ:illlj‘loglg Key Tower An ESD protection verification apparatus of an aspect of the
d (US) present invention including an element extraction unit which
extracts one or more elements connected to a first pad
(73)  Assignee: KABUSHIKI KAISHA included in design data for a semiconductor integrated circuit,
’ TOSHIBA, Tokyo (IP) a first and second element information checking/processing
» 1OKY0 unit which checks connection information for the extracted
element and which calculates a operating value based on
(21) Appl. No.: 12/715.580 design information for the extracted element, a first and sec-
’ ond error detection unit which compares a reference value
with the operating value to determine whether the element has
(22) Filed: Mar. 2, 2010 a predetermined ESD withstand voltage.

( stat )

o

Select one pad from plurality of | STO
pads as verification target

Y

Extract diode connected | g7y
to selected pad

v

Calculate operating value for

~ ST2

dimension of diode having its
anode connected to same pad

Reference value=
Operating valug?

Calculate operating value for
dimension of diode having its
cathode connected to same pad

Database

Reference value<
Operating value?

| T2
YES [ Checkasemor |
<€ |
L ST4
ST5-1
ST5-2
)

Check as error

I

ST6

Verifications for
all pads complete?

YES

Correct error

f-s17

End



Patent Application Publication  Sep. 23,2010 Sheet 1 of 10 US 2010/0241373 A1

ESD protection verification apparatus

| Pad selection unit fv1 0

.
o
o

[ Element information 2

- ~1 Element information 1
Design layout data ; ement information
ooign 2y > I Diode extraction unit }11 . E|mex?13|o[1dth
angth, width,
circumference-+
First diode information |, 3 * Characteristics
checking/processing unit Driving voltage--
~—_— .
- : - Storage
First error detection unit I~13 @
Second diode information | 14 V(I)EltSa%gN gg?;%gge
checking/processing unit
Lengthe
ESD withstand voltage
Second error detection unit |—v15 c fE
ircumference
— - 16 ESD withstand voltage
Verification completion |~ Area&
determination unit ESD withstand voltage
Driving voltage©
Error correction unit }17 ESD withstand voltage

FIG. 1T



US 2010/0241373 Al

Sep. 23,2010 Sheet 2 of 10

Patent Application Publication

Logic

ettt

| 68B

F7QB

BN

FIG.2



Patent Application Publication  Sep. 23,2010 Sheet 3 of 10 US 2010/0241373 A1
W1,
I |
84— CP1
CP2 P\\/gy By
81 1
82 1 %
el NV T
9§1 L2,
7 1 95
\ ! ;
® bt r
7
X W2
) ) |
[/ i Channel width
S irecti
\9 3 91 g 3 direction
56 Channel length
direction

Fl

G.3B



Patent Application Publication

( Stat )

>

;o

pads as verification target

Select one pad from plurality of

Extract diode connected
to selected pad

Calculate operating value for
dimension of diode having its
anode connected to same pad

Reference value=

Operating value?

| Database ]

Y

Calculate operating value for
dimension of diode having its

cathode connected to same pad

Reference value<

Operating value?

I‘ Database l

Sep. 23,2010 Sheet 4 of 10 US 2010/0241373 Al
Y
—— ST0
Y
- ST1
1
~ ST2
ST3-1
NO
ST3-2
Y )
YES [ Checkaseror |
< |
~ ST4
ST5-1
NO
ST5-2
Y )
| Checkaserror |

|

ST6

Verifications for
all pads complete?

YES

Correct error

ST7

Y

(B
FIG. 4



Patent Application Publication  Sep. 23,2010 Sheet S of 10 US 2010/0241373 A1

4 P<]~508
-50A
&62 A 61 60
Logic ; %5%
Logic |45 [<}~-53B
FIG.5

i ({
Logic \




Patent Application Publication

Sep. 23,2010 Sheet 6 of 10

US 2010/0241373 Al

Design layout data

ESD protection verification apparatus

Pad selection unit

~10

Diode extraction unit

~11

Diode string detection unit

18

First diode information
checking/processing unit

~12

First error detection unit

~13

Second diode information
checking/processing unit

Second error detection unit

Verification completion
determination unit

Error correction unit

~17

~1A

Storage
device

FIG.7



Patent Application Publication  Sep. 23,2010 Sheet 7 of 10 US 2010/0241373 A1

G

.
-

/

Select one pad from plurality of L _STO
pads as verification target

Y
Extract diode connected ST
to selected pad

\

ST
ST12
Y )
Further extract diode
Calculate operating value for connected fo cathode

dimension of diode having its anode [~ST2 L]
connected to same pad or same node

Reference value< NO

OperatinW % ST?—Z
E@ YES | Check as error |

2

Calculate operating value for
dimension of diode having its cathode ~—ST4
connected to same pad or same node

Reference value= NO

Operating value? | ST?’Z
[ Database | |  Checkaseror |
|
ST6 5}7
Verifications for
all pads complete? Correct error _ |
Y
End

FIG.8



Patent Application Publication  Sep. 23,2010 Sheet 8 of 10 US 2010/0241373 A1

ESD protection verification apparatus

] Pad selection unit |—v20
Design layout data 2 !
AT, | FET exiraction unit F21 - -
FET information 1
Gate length
LFET information checking unit }v22 3 83;‘5};"(‘:%?“ of gate
<y Connection of
: - Storage bulk electrode
lSnapback voltage processing unit }»23 Number of contacts -
\__:/—\
] Error detection unit }24 @
Verification completion | e Snapback voltage data
determination unit Gate length®
Snapback voltage
L Error correction unit }v26 Snggé%gjdvtglt@age

FIG.9



Patent Application Publication

Sep. 23,2010 Sheet 9 of 10 US 2010/0241373 Al

( Start )

3o

NO

. ST24-1
— Reference value= |
Operating value?

| Database I

>

/
m plurality of pads

Select one pad fro I~ ST20

1

Extract MOSFET having its source
and drain connected to different pads

~ ST21

Y
Examine element information and connection
information for extracted MOSFET

~ ST22

Y
| Calculate snapback voliage of MOSFET |~ ST23

ST24-2
=

Y
Check as error

ST26
Verifications for all

MOSFETs complete?

ST27

Correct error

y
End

FIG. 10



Patent Application Publication

7A -

7B -

Sep. 23,2010 Sheet 10 of 10

US 2010/0241373 Al

4

[ rrsner]

Control unit

1

Vi

[ rmennr

Operation unit

Computer

FI1G. 11




US 2010/0241373 Al

ESD PROTECTION VERIFICATION
APPARATUS AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2009-067011, filed Mar. 18, 2009, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ESD protection
verification apparatus and an ESD protection verification
method.

[0004] 2. Description of the Related Art

[0005] An ESD protection circuit for protecting an internal
circuit from electrostatic discharge (ESD) due to an external
overcurrent is provided in a semiconductor integrated circuit.
[0006] One technique for verifying whether the ESD pro-
tection circuit satisfies a required ESD withstand voltage is
disclosed in, for example, Jpn. Pat. Appln. KOKAI Publica-
tion No. 2006-107250.

[0007] In Jpn. Pat. Appln. KOKAI Publication No. 2006-
107250, an ESD protection network composed of a pad, a net
and an ESD protection element is extracted from design lay-
out data for the semiconductor integrated circuit. Then, a
start-point pad and an end-point pad are set for two or more
pads provided in the extracted ESD protection network. An
inter-pad voltage across the start-point pad and the end-point
pad is obtained, and at the same time, a plurality of ESD paths
composed of the nets and the ESD protection elements
through which to extend between the start-point pad and the
end-point pad are obtained. In Jpn. Pat. Appln. KOKAI Pub-
lication No. 2006-107250, the ESD current paths are grouped
by the correspondence of the order of the nets and the pro-
tection elements.

[0008] On the basis of the negative correlation between the
inter-pad voltage and the ESD withstand voltage for each
group, a predictive value of the ESD withstand voltage across
the start-point pad and the end-point pad is obtained from the
inter-pad voltage across the start-point pad and the end-point
pad and from the groups to which the start-point pad and the
end-point pad belong. On the basis of this predictive value,
whether the ESD protection of the design layout data is proper
is determined.

[0009] There are a great number of parasitic diodes in a
normal semiconductor integrated circuit. If all these parasitic
diodes are extracted as ESD paths, a great number of diodes
are to be taken into consideration, so that the ESD protection
of the design layout data cannot be verified at high speed.
[0010] Therefore, in a method used in the step of extracting
the ESD protection elements in Jpn. Pat. Appln. KOKAI
Publication No. 2006-107250, the diodes arranged as the
ESD protection elements in the design layout data for the
semiconductor integrated circuit are recognized separately
from the parasitic diodes. As with the diodes, in the step of
extracting field effect transistors for ESD protection, the field
effect transistors for ESD protection are extracted separately
from normal field effect transistors that configure logic cir-
cuits and analog circuits.

[0011] However, there is naturally a possibility that ele-
ments other than the ESD protection elements, such as the
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parasitic diodes, may be ESD paths. For example, a clamp
voltage is lower in the parasitic diode than in the ESD pro-
tection diode, so that an ESD breakdown current (ESD surge)
tends to be supplied to the parasitic diode. If the parasitic
diode which may be an ESD path does not have enough
performance to discharge the ESD breakdown current, the
element and circuit that include the parasitic diode is
destroyed by ESD. This leads to the failure of the whole
semiconductor integrated circuit that is manufactured by use
of the design layout data.

BRIEF SUMMARY OF THE INVENTION

[0012] An ESD protection verification apparatus of an
aspect of the present invention comprising: an element
extraction unit which extracts one or more elements con-
nected to a first pad included in design data for a semicon-
ductor integrated circuit; a first element information check-
ing/processing unit which checks connection information for
the extracted element to determine one or more first connec-
tion information elements and which calculates a first oper-
ating value based on design information for the first connec-
tion information element, the first connection information
element being configured so that a first electrode of the
extracted element is connected to the first pad; a first error
detection unit which compares a first reference value with the
first operating value to determine whether the first connection
information element has a predetermined ESD withstand
voltage; a second element information checking/processing
unit which checks connection information for the first con-
nection information element to determine one or more second
connection information elements and which calculates a sec-
ond operating value based on design information for the
second connection information element, the second connec-
tion information element being configured so that a second
electrode of the first connection information element is con-
nected to a second pad different from the first pad; and a
second error detection unit which compares a second refer-
ence value with the second operating value to determine
whether the second connection information element has a
predetermined ESD withstand voltage.

[0013] An ESD protection verification apparatus of an
aspect of the present invention comprising: an element
extraction unit which selects one first pad from a plurality of
pads included in design data for a semiconductor integrated
circuit and extracts an element connected to the selected first
pad; an element information examining unit which checks
design information for the extracted element; a processing
unit which calculates an operating value indicating operating
characteristics of the extracted element on the basis of the
checked design information; and an error detection unit
which compares the operating value with a reference value
and determines whether the extracted element has a predeter-
mined ESD withstand voltage.

[0014] An ESD protection verification method of an aspect
of the present invention comprising: extracting one or more
elements connected to a first pad included in design data for a
semiconductor integrated circuit; checking connection infor-
mation for the extracted element to determine one or more
first connection information elements, and calculating a first
operating value based on design information for the first
connection information element, the first connection infor-
mation element being configured so that a first electrode of
the extracted element is connected to the first pad; comparing
a first reference value with the first operating value to deter-
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mine whether the first connection information element has a
predetermined ESD withstand voltage; checking connection
information for the first connection information element to
determine one or more second connection information ele-
ments, and calculating a second operating value based on
design information for the second connection information
element, the second connection information element being
configured so that a second electrode of the first connection
information element is connected to a second pad different
from the first pad; and comparing a second reference value
with the second operating value to determine whether the
second connection information element has a predetermined
ESD withstand voltage.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0015] FIG.1is a diagram showing the configuration of an
ESD protection verification apparatus according to a first
embodiment;

[0016] FIG.2 is a schematic diagram for explaining design
layout data;
[0017] FIG. 3A is a schematic diagram for explaining the

structure of an element to be targeted for verification;
[0018] FIG. 3B is a schematic diagram for explaining the
structure of an element to be targeted for verification;
[0019] FIG. 4 is a flowchart for explaining an ESD protec-
tion verification method according to the first embodiment;
[0020] FIG. 5 is a schematic diagram for explaining the
ESD protection verification method according to the first
embodiment;

[0021] FIG. 6 is a schematic diagram for explaining a sec-
ond embodiment;

[0022] FIG. 7 is a diagram showing the configuration of an
ESD protection verification apparatus according to the sec-
ond embodiment;

[0023] FIG. 8 is a flowchart for explaining an ESD protec-
tion verification method according to the second embodi-
ment;

[0024] FIG.9is a diagram showing the configuration of an
ESD protection verification apparatus according to a third
embodiment;

[0025] FIG. 10 is a flowchart for explaining an ESD pro-
tection verification method according to the third embodi-
ment; and

[0026] FIG.11is adiagram for explaining a modification of
the embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Embodiments of the present invention will herein-
after be described in detail with reference to the drawings.

(1) First Embodiment

[0028] A first embodiment of the present invention is
described with reference to FIGS. 1 to 5.

[0029] (a) Configuration

[0030] AnESD protection verification apparatus according
to the first embodiment of the present invention is described
with reference to FIGS. 1 to 3B.

[0031] FIG.1 shows en example of the configuration of the
ESD protection verification apparatus according to the
present embodiment.

[0032] Design layout data is input to an ESD protection
verification apparatus 1 from the outside. The design layout
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data includes design information for a certain semiconductor
integrated circuit chip. The design information indicates
information for constructing a certain semiconductor inte-
grated circuit; for example, the layout of a plurality of circuit
blocks constituting the semiconductor integrated circuit, the
layout of pads and interconnects, coordinates of elements
constituting the semiconductor integrated circuit, dimension
and electrical properties of the elements, inter-circuit and
inter-element connections, and connections between the pads
and the elements (circuits).

[0033] FIG. 2 schematically shows the design information
included in the design layout data. As shown in FIG. 2, the
design layout data is mainly composed of layout data for a
logic circuit region 40 and layout data for an analog circuit
region 45. The design layout data may also include layout
data (layer) for a mask for forming, for example, a well region
to be provided in a semiconductor substrate.

[0034] The layout data for the logic circuit region 40
includes layout data for a logic circuit 41 constituted of a
plurality of logic gates and for interconnects connecting the
logic gates.

[0035] The layout data for the analog circuit region 45
includes layout data for a pad 53 for inputting/outputting data
to/from the logic circuit region 40 and pads 50, 56 for sup-
plying a voltage to the chip. The data for the analog circuit
region 45 also includes layout data for analog circuits 70,
79A, 79B provided between the pads 50, 53, 56 and the logic
circuit 40 and for interconnects thereof. The analog circuits
79A,79B correspond to, for example, ESD protection circuits
79A, 79B and a switch circuit 70.

[0036] The ESD protection verification apparatus 1 uses,
for example, a database stored in a storage device 3 to verify
whether ESD protection of the design layout data is proper.

[0037] The storage device 3 stores data for constituent ele-
ments of the semiconductor integrated circuit included in the
design layout data. The data for the constituent elements will
hereinafter be referred to as element information data. The
element information data includes information on the dimen-
sion and operating characteristics of the elements; for
example, the length, width and circumference of the diode,
the gate length and gate width of a metal-oxide-insulator
(MOS) field effect transistor (FET), and a driving voltage.

[0038] For example, as shown in FIG. 3A, an element iso-
lation region 83 is provided in a semiconductor region (well
region) 84. Further, a diode 80 is provided in an active region
surrounded by the element isolation region 83. Diode 80 is
composed of a P-type impurity region 81 and an N-type
impurity region 82. For example, the element information
data for diode 80 includes at least one of the following pieces
of information: length [.1 of diode 80, width W1 of diode 80,
the area (L1xW1) of diode 80, and the circumference (2xL.1+
2xW1) of diode 80. The element information data for the
diode may also include, as element information, the impurity
concentrations in the impurity regions 81, 82 and the semi-
conductor region 84 constituting diode 80, the numbers of
contact plugs CP1, CP2 connected to diode 80, and electrical
properties of, for example, the clamp voltage of the diode.

[0039] Furthermore, as shown in FIG. 3B, an element iso-
lation region 94 is provided in a semiconductor region (well
region) 95, and a metal-oxide-insulator (MOS) transistor 90
is provided in an active region surrounded by the element
isolation region 94. The MOS transistor 90 is composed of
two impurity regions 92, 93 serving as a source and a drain,
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and a gate 91 provided on a channel region between the source
92 and the drain 93 via a gate insulating film.

[0040] The element information for the MOS transistor 90
includes at least one of the following pieces of information:
dimension 1.2 of the source/drain 92, 93 in a channel length
direction, dimension W2 in a channel width direction, the
area (L1xW1) of one of the source/drain 92, 93, and the
circumference (2x[.1+42xW1) of one of the source/drain 92,
93. The element information for the MOS transistor 90 may
also include, for example, information on the gate length and
gate width of the gate 91, the impurity concentrations in the
source/drain 92, 93, materials constituting the gate insulating
film and the gate, the number of contact plugs connected to
the gate 91 and the source/drain 92, 93, the impurity concen-
trations in the semiconductor region 95, and operating char-
acteristics (e.g., a threshold voltage) of the MOS transistor.
[0041] Furthermore, a database (hereinafter referred to as
an ESD withstand voltage database) regarding ESD with-
stand voltages is stored in the storage device 3. The ESD
withstand voltage of the element is correlated with the dimen-
sion and operating characteristics of the element. For
example, if the circumference or area of an element is greater,
the density of a current running through the element can be
lower, so that the ESD withstand voltage is greater. That is, if
the area or circumference of an element is found, the ESD
withstand voltage of the element can be found.

[0042] Inaddition, information on the ESD withstand volt-
age of the element may be included in the element informa-
tion data. The element information data and the ESD with-
stand voltage database may be provided to the ESD protection
verification apparatus 1 by an internal storage device, a com-
munication line or a storage medium provided in the ESD
protection verification apparatus 1.

[0043] The ESD protection verification apparatus 1 accord-
ing to the present embodiment has a pad selection unit 10 for
selecting one pad from the layout data for a plurality of pads
50, 53, 56 in the design layout data. The pad selected by the
pad selection unit 10 (hereinafter referred to as a selected pad)
is treated as a base point of a target for the verification of the
ESD withstand voltage. The target to be mainly selected by
the pad selection unit 10 is, for example, a signal or data
input/output pad. However, without being limited thereto, the
target to be selected by the pad selection unit 10 may be, for
example, a power supply pad.

[0044] Furthermore, the ESD protection verification appa-
ratus 1 according to the present embodiment has a first ele-
ment extraction unit 11 for extracting layout data for an
element connected to the selected pad among a plurality of
elements included in the design layout data. In the first
embodiment, the element extracted by the element extraction
unit 11 is a diode. In the first embodiment, the element extrac-
tion unit 11 will hereinafter be referred to as a diode extrac-
tion unit 11.

[0045] The diode extraction unit 11 extracts diodes (ESD
protection diodes) 68A, 68B as ESD protection elements
provided in the ESD protection circuits 79A, 79B in FIG. 2.
The diode extraction unit 11 not only extracts diodes 68A,
68B but also extracts a normal diode and a parasitic diode 75
directly connected to the same selected pad as diodes 68A,
68B. The parasitic diode 75 is, for example, a PN junction
included in the analog circuit 70. On the basis of the input
design layout data, the diode extraction unit 11 equivalently
determines, as a diode, a MOS transistor including a junction
between the source (drain) and the substrate or determines, as
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a diode, the border between the P-type impurity region (e.g.,
a P-type well region) and the N-type impurity region (e.g., an
N-type well region), thereby extracting a parasitic diode. In
addition, the normal diode means a diode used to configure a
certain circuit.

[0046] Thus, the diode extraction unit 11 provided in the
apparatus 1 according to the present embodiment not only
extracts, as a discharge path (hereinafter referred to as an ESD
path) for an ESD breakdown current and an ESD surge, the
diode serving as the ESD protection element, but also extracts
the normal diode and the parasitic diode connected to the
selected pad as diodes that may be ESD paths.

[0047] It goes without saying that the element extraction
unit 11 may have a function of extracting the MOS transistor
instead of the diode.

[0048] The ESD protection verification apparatus 1 has a
first diode information checking/processing unit (first ele-
ment information calculation unit) 12. The diode information
checking/processing unit 12 uses the design layout data and
the data stored in the storage device to check connection
information for one or more diodes extracted by the diode
extraction unit 11, and determines a diode having the same
connection information regarding the selected pad. Then, the
diode information checking/processing unit 12 processes the
dimension of the diode having the same connection informa-
tion regarding the selected pad among the extracted diodes. In
the present embodiment, information on the connection of
one end of the current path of the element to the selected pad
is referred to as first connection information. For example, if
the element is a diode, information indicating the connection
between the anode and the selected pad is referred to as the
first connection information. Further, the element having one
end of its current path connected to the selected pad (first
pad), that is, the element having the first connection informa-
tion is referred to as a first connection information element.
For example, if the element is a diode, the element having its
anode connected to the selected pad is the first connection
information element.

[0049] In this example, the first diode information check-
ing/processing unit 12 checks the connection information for
the anode of the extracted diode, and calculates an operating
value (first operating value) on the basis of the dimension of
the diode (first connection information element) having its
anode connected to the same selected pad. Consequently, the
dimension of the diode having its cathode connected to the
selected pad is not included in the operating value.

[0050] Ifthere are two or more diodes having their anodes
connected to one selected pad, the diode information check-
ing/processing unit 12 calculates the sum of the dimensions
of these diodes. If there is one diode having its anode con-
nected to the selected pad, the diode information checking/
processing unit 12 outputs the dimension of the one diode as
an operating value. Here, the dimension of the diode to be
found is at least one of the area (L1xW1), width W2, length
L1 and circumference (L1+W1) of the diode. In addition, the
diode information checking/processing unit 12 may acquire
the dimension of the element on the basis of information (e.g.,
element numbers) added to the design layout data or may
acquire the dimension of the element directly from the layout
of the elements in the design layout data.

[0051] The diode information checking/processing unit 12
outputs, as an operating value for use in a subsequent pro-
cessing step, the sum of the dimensions of the elements hav-
ing the same connection information. In addition, the operat-
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ing value may be indicated by the sum of the dimensions of
the elements or may be indicated by the value of the ESD
withstand voltage obtained from the ESD withstand voltage
database on the basis of the sum.

[0052] Although the operating value is calculated from the
dimension of the element in this example, the operating value
may be calculated from a value (score) converted from the
operating characteristics or electrical properties of the ele-
ment. Moreover, although the first diode information check-
ing/processing unit 12 checks and processes the connection
information for the anode in this example, it goes without
saying that the same checking and processing may also be
performed for the cathode.

[0053] A firsterror detection unit 13 uses the database in the
storage device 3 to compare a reference value (first reference
value) with the first operating value obtained by the diode
information checking/processing unit 12.

[0054] The reference value used by the error detection unit
13 is, for example, a value predicted from the ESD breakdown
current or the ESD surge caused in a pad, and is set by the
error detection unit 13 in the following manner: data based on
the result of a previously conducted experiment or simulation
is acquired from the storage device 3, or the error detection
unit 13 finds a value through a simulation from the informa-
tion for the selected pad.

[0055] If easily compared with the operating value, the
reference value may be indicated by a value based on the ESD
withstand voltage predicted from the ESD breakdown current
or the ESD surge caused in the pad or may be indicated by a
value based on a dimension (e.g., the circumference or area)
correlated with the ESD withstand voltage.

[0056] If the error detection unit 13 determines that the
calculated operating value is greater than or equal to the
reference value, the diode is regarded as satistying the
required ESD withstand voltage and determined as a diode
free of ESD breakdown.

[0057] On the other hand, if the first error detection unit 13
determines that the calculated operating value is less than the
reference value, the error detection unit 13 considers that
ESD breakdown may be caused in this diode, and detects this
element as a design error. The error detection unit 13 saves
positional information in the layout data regarding the ele-
ment extracted as the error in, for example, the storage device
3 or in the storage device in the apparatus 1. Moreover, the
error detection unit 13 may directly reflect, in the design
layout data, the positional information for the element
extracted as the error to mark this element.

[0058] Thus, using the connection information for the
anode of the extracted diode, the first diode information
checking/processing unit 12 and the first error detection unit
13 perform ESD protection verification for the element (di-
ode) having the same connection information regarding the
pad.

[0059] A second diode information checking/processing
unit (second element information checking/processing unit)
14 checks connection information (second connection infor-
mation) for an electrode of the diode (first connection infor-
mation element) used to calculate the operating value differ-
ent from the electrode connected to the selected pad, here, the
cathode of the diode, and determines a diode (second connec-
tion information element) having the same connection infor-
mation.

[0060] Inthe present embodiment, the connection informa-
tion for the other electrode of the current path of the first
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connection information element is referred to as second con-
nection information. For example, if the element is a diode,
information indicating the connection between the cathode
and the pad is referred to as the second connection informa-
tion. Moreover, in the present embodiment, an element hav-
ing one end of its current path connected to the selected pad
and having the other end thereof connected to another pad,
that is, an element having the second connection information
is referred to as a second connection information element. For
example, if the elementis a diode, an element having its anode
connected to the selected pad and having its cathode con-
nected to another pad is the second connection information
element.

[0061] Furthermore, as with the diode information check-
ing/processing unit 12, the diode information checking/pro-
cessing unit 14 uses at least one of the length, width, circum-
ference and area to calculate an operating value (second
operating value) based on the dimension of the diode having
its cathode connected to the same pad.

[0062] However, it goes without saying that even the diodes
having their anodes connected to the same selected pad may
have their cathodes connected to different pads. Thus, the
diode information checking/processing unit 14 uses, as one
unit, one or more diodes having the cathodes connected to the
same pad among a plurality of diodes having their anodes
connected to the same pad, so that the diode information
checking/processing unit 14 calculates an operating value
based on the dimensions of these diodes using, as a unit, the
pads to which the cathodes are connected.

[0063] In addition, the diodes targeted by the diode infor-
mation checking/processing unit 14 for a check of the con-
nection conditions of the cathodes and for the calculation of
the operating value may include diodes determined as errors
by the error detection unit 13 or may not include the diodes
determined as errors.

[0064] As with the first error detection unit 13, a second
error detection unit 15 uses the database in the storage device
3 to compare the operating values of one or more diodes
having their cathodes connected to the same pad with a ref-
erence value (second reference value). The second error
detection unit 15 performs, for the diodes having their cath-
odes connected to the same pad and having their anodes
connected to the selected pad, processing substantially simi-
lar to the processing which is performed for the diodes having
their anodes connected to the same pad.

[0065] However, as described above, in contrast with the
anodes of the extracted diodes connected to one common pad
(selected pad), the cathodes of the extracted diodes may be
connected to different pads. Therefore, using, as one unit, one
or more diodes having their cathodes connected to the same
pad among one or more diodes which are extracted by the
diode extraction unit 11 and which have their anodes con-
nected to one selected pad, the second error detection unit 15
independently compares the second operating values with the
reference value using, as a unit, the pads to which the cath-
odes are connected.

[0066] As a result, if the calculated operating value is less
than the reference value, one or more diodes having the same
connection information regarding the pad used to calculate
the operating value is regarded as not ensuring the ESD with-
stand voltage and detected as an error.

[0067] In addition, the reference value used by the second
error detection unit 15 is, for example, a value predicted from
ESD breakdown currents or ESD surges caused in the
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selected pad and in a pad to which the cathodes are connected,
and is set by acquiring data from the storage device 3 or by
finding a value through a simulation from the information for
two pads, in the same manner as the reference value used by
the first error detection unit 13.

[0068] Thus, using the connection information for the cath-
ode of the extracted diode, the second diode information
checking/processing unit 14 and the second error detection
unit 15 perform ESD protection verification.

[0069] Then, a verification completion determination unit
16 in the ESD protection verification apparatus 1 determines
whether the verifications for all the pads included in the
design layout data are complete. If the verifications for all the
pads are not complete, pads which are not targeted for veri-
fication are selected by the pad selection unit 10, and process-
ing by the diode information checking/processing unit 12, 14
and the error detection units 13, 15 are performed in the same
manner as described above.

[0070] When the verification completion determination
unit 16 determines that the verifications for all the pads are
complete, an error correction unit 17 provided in the ESD
protection verification apparatus 1, for example, corrects data
on the dimension and characteristics included in the design
layout data, such as the areas and circumferences of the ESD
protection diodes and the parasitic diode detected as errors.
Moreover, for the ESD protection diodes and the normal
diode, data on the element evaluated as an error may be
replaced with data on the element satisfying the ESD with-
stand voltage. In addition, instead of correcting the dimension
of the element, the design layout data may be changed to
newly provide an ESD protection diode for the error element.
[0071] The error correction unit 17 may be provided in an
apparatus (e.g., a design layout data creating apparatus) dif-
ferent from the ESD protection verification apparatus 1. This
prevents a semiconductor integrated circuit manufactured in
accordance with the design layout data from being destroyed
by ESD.

[0072] As described above, the ESD protection verification
apparatus 1 according to the first embodiment extracts one or
more diodes connected to a certain pad, and calculates dimen-
sions of the anode and the cathode of this diode. Then, on the
basis of the result of the calculation, the ESD protection
verification apparatus 1 determines whether the extracted
diodes meet a predetermined standard. Consequently, in the
design layout data, whether the diodes which can be ESD
paths satisty the required ESD withstand voltage is verified.
[0073] The ESD protection verification apparatus 1 in the
present embodiment not only extracts the diodes provided for
ESD protection but also extracts the normal diode and the
parasitic diode present in the current path that can be ESD
paths.

[0074] Then, taking advantage of the fact that the ESD
withstand voltage and the dimension of an element have a
correlation, the ESD protection verification apparatus 1 cal-
culates an operating value based on the dimensions of all the
diodes present on the ESD path, and determines whether the
ESD protection diode and the parasitic diode satisfy the ESD
withstand voltage.

[0075] Thus, the ESD protection verification apparatus 1
according to the first embodiment not only extracts the diodes
for ESD protection but also extracts the parasitic diode con-
nected to the pad, and performs a verification for protection
against ESD in consideration of the ESD withstand voltage of
this parasitic diode.
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[0076] The ESD protection verification apparatus 1 in the
present embodiment not only verifies the ESD withstand
voltage of the ESD protection circuit but also verifies the ESD
withstand voltage of the parasitic diode included in a circuit
other than the ESD protection circuit. If the ESD withstand
voltage of the parasitic diode is not ensured, a part (e.g., the
border between the P-/N-type wells) of the layout data cor-
responding to the parasitic diode is detected as a target for
correction. This makes is possible to prevent the ESD break-
down of a circuit which is not determined to be an ESD
protection circuit and which includes a parasitic diode that
may be an ESD path. That is, the reliability of the ESD
protection verification improves.

[0077] Furthermore, when extracting a parasitic diode, the
ESD protection verification apparatus 1 in the present
embodiment extracts a parasitic diode connected to a pad
targeted for verification, and does not include, in the ESD
protection verification, parasitic diodes which are not con-
nected to this pad. That is, instead of considering all the
parasitic diodes present in the design layout data, the ESD
protection verification apparatus 1 selectively extracts para-
sitic diodes that are likely to be ESD paths without any drop
in the ESD breakdown current or ESD surge attributed to
other elements. Thus, even if the parasitic diodes are included
in the target for the ESD protection verification, there is no
significant deterioration in the speed of the ESD protection
verification for the design layout data.

[0078] Moreover, in the present embodiment, the ESD
withstand voltage of the parasitic diode is also treated as an
ESD withstand voltage included in a network that can be an
ESD path. As a result, an ESD withstand voltage higher than
the ESD withstand voltage designed for a certain network by
using the ESD protection circuit may be obtained. A value
including the ESD withstand voltage of the parasitic diode
can be reflected in the design layout data to reduce the dimen-
sions of the ESD protection diode. This makes it possible to
contribute to the reduction of chip size.

[0079] As described above, according to the ESD protec-
tion verification apparatus 1 in the first embodiment, highly
reliable ESD protection verification can be performed at high
speed.

[0080] Although the diode has been described as an
example of the element targeted for the ESD protection veri-
fication in the present embodiment, it goes without saying
that the element may be a MOS transistor or a resistive ele-
ment.

[0081] (b) Operation

[0082] The operation of the ESD protection verification
apparatus 1 according to the first embodiment of the present
invention is described with reference to FIGS. 4 and 5. In
addition, FIGS. 1 to 3 are also referred to here for explanation
as needed.

[0083] FIG. 4 is a flowchart showing a processing flow of
the ESD protection verification method according to the first
embodiment of the present invention. FIG. 5 shows one
example of a circuit to be targeted for verification for explain-
ing the ESD protection verification method of the first
embodiment.

[0084] First, design layout data for a semiconductor inte-
grated circuit is input to the ESD protection verification appa-
ratus 1, and ESD protection verification for this design layout
data is started.

[0085] Then, as shown in FIG. 4, among a plurality of pads
included in the input design layout data, one pad (first pad) is
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selected by the pad selection unit 10 in the ESD protection
verification apparatus 1 in FIG. 1 (step ST0). The selected pad
is set as a base point of a target for the ESD protection
verification. In this example, a pad 53A shown in FIG. 5 is the
pad selected in step STO0, and the pad 53 A will hereinafter be
referred to as a selected pad 53A. In step STO, the pad to be
selected is, for example, a signal or data input/output pad, but
needless to say, may be a power supply pad instead.

[0086] Furthermore, in step ST1 in FIG. 4, an element
connected to the selected pad 53 A in the design layout data is
extracted by the first diode extraction unit (first element
extraction unit) 11 in the apparatus 1. It is to be noted that the
element to be extracted is a diode in this example. However,
it goes without saying that the element to be extracted may be
a MOS transistor.

[0087] Thus, one or more diodes connected to selected pad
53A are extracted as in step ST1. In the example shown in
FIG. 5, two diodes 60, 61 are selected. A diode 62 is con-
nected to a pad 53B and a pad 50B and is therefore not
extracted.

[0088] In step ST1, the diodes to be extracted not only
include, for example, diodes 68A, 68B as the ESD protection
elements provided in the ESD protection circuits 79A, 79B
shown in FIG. 2 but also include the parasitic diode 75 con-
nected to the selected pad 53A. The parasitic diode is
extracted by, for example, equivalently determining, as a
diode, a field effect transistor connected to a pad on the basis
of'information in the input design layout data or by determin-
ing, as a diode, the border between the P-type impurity region
(e.g., a P-type well region) and the N-type impurity region
(e.g., an N-type well region). It goes without saying that not
only the ESD protection diode and the parasitic diode but also
a normal diode for configuring the analog circuit may be
extracted.

[0089] In addition, no diode may be connected to the
selected pad. If there is no diode connected to the selected
pad, another pad is selected as a pad targeted for verification.
[0090] Then, connection information for one or more
extracted diodes is checked by the first diode information
checking/processing unit 12 in the apparatus 1. Among the
extracted diodes, a diode having its anode connected to the
selected pad is recognized. Further, the sum of the dimensions
of two or more diodes having their anodes connected to the
selected pad is calculated by the first diode information
checking/processing unit 12 in the apparatus 1, and output as
an operating value (first operating value) (step ST2). In addi-
tion, if one diode is extracted in step ST1, the dimension (e.g.,
the area) of one diode is processed as the operating value in
step ST2. In this step, a diode having its cathode connected to
the selected pad 53A is not included in the target for calcula-
tion.

[0091] Instep ST2,the valuestreated as the dimensions are,
to explain with reference to FIG. 3A, the area (W1xL1) of
diode 80, the circumference (2xW1+42xL1) of diode 80,
width W1 and length [.1. One of these values may be selected
to find the operating value (the sum of the dimensions of the
diodes), or two or more of these values may be properly
combined together to find the operating value. Thus, a value
based on the total value of the dimensions of diodes 60, 61
shown in FIG. 5 is calculated as the operating value.

[0092] A database (ESD withstand voltage database) indi-
cating the correlation between the operating value based on
the dimensions of the diodes and the ESD withstand voltage
is obtained by a previously conducted simulation or experi-
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ment. This database is stored in, for example, the storage
device 3. Without limiting to the dimensions of the diodes, the
database may indicate the correlation between operating
characteristics such as an operating voltage of the diode and
the ESD withstand voltage.

[0093] If a diode having its cathode connected to the
selected pad instead of its anode is extracted in step 1, an
operating value of the diode having its cathode connected to
the selected pad may be calculated in step 2.

[0094] Then, whether the calculated operating value is
greater than or equal to a certain reference value (first refer-
ence value) is determined by the first error detection unit 13
using the database stored in the storage device 3 (step ST3-1).
[0095] The reference value used by the error detection unit
13 is, for example, a value predicted from an ESD breakdown
current or ESD surge caused in the pad. This reference value
is set by the error detection unit 13 in the following manner:
data based on the result of a previously conducted experiment
or simulation is acquired from the storage device 3, or the
error detection unit 13 finds a value through a simulation from
the information for the selected pad. If the operating value is
the area of the diode, the reference value is set at a value
indicating the correlation between the area and the ESD with-
stand voltage.

[0096] The ESD breakdown current or ESD surge applied
to one pad is divided to the elements connected to this com-
mon pad. Therefore, even if the operating value based on one
diode is less than the reference value, there is a strong possi-
bility that the ESD withstand voltage is satisfied if an operat-
ing value based on the dimensions of a plurality of diodes
having the same connection information regarding the same
selected pad is greater than or equal to the reference value.
Thus, these diodes are not determined as elements that cause
the ESD breakdown.

[0097] Therefore, if the operating value is determined to be
greater than or equal to the reference value, the diode is
regarded as ensuring a predetermined ESD withstand voltage,
and determined and processed as an element requiring no
correction.

[0098] If the operating value is determined to be less than
the reference value, the diode is regarded as an error element
that may cause ESD breakdown. Then, for example, posi-
tional information (coordinates) for the diode (error element)
from which the operating value is obtained is saved in a
storage device inside or outside the apparatus 1, or error
marks are added to such diodes in the design layout data (step
ST3-2). Thus, the error element is targeted for correction as
an element that needs to be redesigned.

[0099] As described above, in steps ST3-1 and ST3-2,
whether one or more diodes (first connection information
elements) in which the anodes have the same connection
information (first connection information) regarding the
selected pad ensure the predetermined ESD withstand volt-
age is verified by the first diode information checking/pro-
cessing unit 12 and the first error detection unit 13 using the
connection information for the anode of the extracted diode.
[0100] Subsequently, the connection information for the
cathodes of the elements (first connection information ele-
ments) used to calculate the operating value is checked by the
second diode information checking/processing unit (second
element information checking/processing unit) 14. Then, the
sum of the dimensions of one or more diodes having their
cathodes connected to the same pad is calculated, and output
as an operating value (second operating value) (step ST4).
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[0101] As with the operating values calculated in step ST3,
the second operating values calculated in step ST4 are, for
example, the area (W1xL1) of diode 80, the circumference
(2xW1+2xL1) of diode 80, width W1 and length 1.

[0102] Here, as shown in FIG. 5, the cathodes of the two
diodes 60, 61 having their anodes connected to the same pad
53A are connected to different pads S0A, 50B, respectively.
[0103] Inthis case, an operating value based on the dimen-
sion of diode 60 and an operating value based on the dimen-
sion of diode 61 are separately calculated.

[0104] Furthermore, the cathode of diode 62 is connected to
the same pad as the cathode of diode 61. However, in step
STS5, the calculated operating values are values targeted at
diodes 60, 61 having their anodes connected to the selected
pad 53A. Thus, diode 62 is excluded from the target for the
calculation of the operating values in step ST5. Therefore,
diode 62 has no eftect on the calculation of the operating
values of diodes 60, 61.

[0105] Then, whether the operating values of diodes 60, 61
based on the connection information for the cathodes are
greater than or equal to a certain reference value is determined
by the second error detection unit 15 using the database stored
in the storage device 3 (step ST5-1).

[0106] As in steps ST3-1 and ST3-2, diodes whose operat-
ing values are determined to be less than the reference value
(second reference value) are processed as error elements (step
ST5-2). If the operating value is determined to be greater than
or equal to the reference value, the diode is regarded as
ensuring a predetermined ESD withstand voltage, and pro-
cessed as an element requiring no correction.

[0107] It goes without saying that the reference value (sec-
ond reference value) corresponding to the connection infor-
mation (second connection information) for the cathodes
used in step ST5-1 may be a different value (size) from or the
same value as the reference value (first reference value) cor-
responding to the connection information (first connection
information) for the anodes used in step ST3-1.

[0108] As described in step ST4, even the diodes having
their anodes connected to the same pad (selected pad) may
have their cathodes connected to different pads. Among one
ormore extracted diodes having their anodes connected to the
selected pad, one or more diodes having their cathodes con-
nected to the same pad are treated as one group, and the
operating value of this group is compared with the reference
value to find out whether this operating value is greater than or
equal to the reference value.

[0109] In the example shown in FIG. 5, if the operating
value for the dimension based on diode 60 connected to the
pad 50A is less than the reference value, diode 60 is treated as
an error. On the other hand, the cathode of diode 61 is con-
nected to the pad 50B different from the pad to which the
cathode of diode 60 is connected. That is, diode 61 is present
in an ESD path different from the ESD path where diode 60 is
present. That is, the operating value based on the dimension
of'diode 61 and the operating value based on the dimension of
diode 60 are different and determined separately. Therefore,
even if the anode is connected to the same pad (selected pad)
as the anode of diode 60, diode 61 is determined as requiring
no correction for the ESD withstand voltage as long as the
operating value for the dimension of this diode 61 calculated
in accordance with the connection information of the cathode
is greater than or equal to the reference value. In addition, the
reference value for diode 60 may be different or the same as
the reference value for diode 61.
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[0110] In steps ST4-1 and ST4-2, whether one or more
diodes in which the cathodes have the same connection infor-
mation regarding a certain pad ensure an ESD withstand
voltage greater than or equal to the predetermined ESD with-
stand voltage is verified using the connection information for
the cathodes of extracted diodes among one or more diodes
extracted and verified by the first diode information checking/
processing unit 12 and the first error detection unit 13.
[0111] Thus, in the present embodiment, ESD paths are
inspected in the extracted diodes on the basis of the connec-
tion information for the anodes of the diodes and the connec-
tion information for the cathodes of the diodes. Then, whether
the ESD protection diodes and the parasitic diodes present in
the ESD path satisfy the required ESD withstand voltage is
determined.

[0112] Afterthe processing of steps ST1 to ST5-2 has been
performed for the pad selected in step STO0, whether the
processing for all the pads included in the design layout data
is complete is determined (step ST6).

[0113] Ifthe verifications for all the pads are not complete,
the unverified pads are selected, and the verifications of steps
STO0 to ST5-2 are repeated.

[0114] When it is determined that the verifications for all
the pads are complete, data indicating dimensions such as the
area or circumference of diodes determined to be errors is
corrected by the error correction unit 17 in the ESD protection
verification apparatus 1.

[0115] The ESD protection verification of the design layout
data is completed by steps ST0 to ST7.

[0116] As described above, an ESD protection verification
method according to the first embodiment of the present
invention targets, for the ESD protection verification, not only
the diodes which are included in the design layout data and
which are designed for ESD protection but also the parasitic
diodes included in parts that may be ESD paths.

[0117] However, in the present embodiment, the parasitic
diode directly connected to the selected pad is extracted, and
the parasitic diode which is not connected to the pad is not
included in the ESD protection verification. That is, instead of
considering all the parasitic diodes present in the design lay-
out data, parasitic diodes that are likely to be ESD paths
without any drop in the ESD breakdown current or ESD surge
attributed to other elements are selectively extracted.

[0118] As a result, even if the parasitic diodes are targeted
for the ESD protection verification, there is no significant
deterioration in the speed of the ESD protection verification
for the design layout data.

[0119] Furthermore, in the present embodiment, not only
the ESD withstand voltage of the ESD protection circuit but
also the ESD withstand voltage of the parasitic diode included
in a circuit other than the ESD protection circuit is verified. If
the ESD withstand voltage of the parasitic diode is not
ensured, data on the element including the parasitic diode is
corrected. This makes is possible to prevent the circuit includ-
ing the parasitic diode from being destroyed by ESD. Thus,
not only the ESD withstand voltage of the ESD protection
circuit but also the ESD withstand voltage of the parasitic
diode that may be an ESD path is considered, so that the
reliability of the ESD protection verification improves.
[0120] As described above, according to the ESD protec-
tion verification method in the first embodiment, highly reli-
able ESD protection verification can be performed at high
speed.

(2) Second Embodiment

[0121] An ESD protection verification apparatus and an
ESD protection verification method according to a second
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embodiment of the present invention are described using
FIGS. 6 to 8. The configuration and operation steps similar to
the configuration and operation steps in the first embodiment
are described as needed.

[0122] One diode is connected between two pads in the
example described in the first embodiment. However, as
shown in FIG. 6, a plurality of diodes 60, 61, 65 may be
connected in series between two pads 50, 53. The plurality of
diodes connected in series will hereinafter be referred to as a
diode string 69.

[0123] There is naturally a case where this diode string 69
serves as an ESD path and is destroyed if ESD occurs.
[0124] The apparatus and method described in the second
embodiment of the present invention extract the diode string
69 in design layout data, and verify the ESD withstand volt-
age of the extracted diode string 69.

[0125] FIG. 7 shows an example of the configuration of an
ESD protection verification apparatus 1A according to the
present embodiment. FIG. 8 is a flowchart showing a process-
ing flow of the ESD protection verification method according
to the present embodiment.

[0126] The apparatus 1A shown in FIG. 7 comprises a
diode string detection unit (element group detection unit) 17
in addition to the configuration of the apparatus shown in FIG.
1.

[0127] As in the first embodiment, a diode extraction unit
11 extracts diodes connected to a selected pad (step ST1).
[0128] Then, as shown in FIG. 8, the diode string detection
unit 18 checks the extracted diode 60 to find out whether its
electrode (here, cathode) which is not connected to the
selected pad is connected to another pad (step ST11).

[0129] When diode 60 whose cathode is not connected to
the pad is detected, the diode string detection unit 18 recog-
nizes that diode 60 is an element which forms the diode string
69. Then, diode 65 connected to the cathode of the diode
having its anode connected to the pad is detected. The diode
string detection unit 18 further checks the detected diode 65 to
find out whether its electrode which is not connected to the
cathode of diode 60 is connected to the pad, and detects
another diode (step ST12).

[0130] The processing of steps ST11 and ST12 is repeated
until it is detected that the cathode of the detected diode is
connected to the pad.

[0131] Furthermore, the processing substantially similar to
the processing in ST2 to ST7 performed for the diode in the
first embodiment is performed for the extracted diode string
and diodes. Thus, an operating value based on the sum of the
dimensions of the diode string 69, that is, diodes 60, 61, 65 is
calculated, and the ESD withstand voltages of the diode string
69 and diodes 60, 61, 65 are verified.

[0132] Among diodes 60, 61, 65 that constitute the diode
string 69, diode 65 between diodes 60, 61 at one end of the
diode string and the other is connected to the pad via nodes
nd1, nd2. Thus, in steps ST3 and ST5, the operating value
based on the dimension of the diode string 69 is calculated for
the plurality of diodes 60, 61, 65 (the diode string 69) in which
the anode side and cathode side of the diode string 69 are
connected to the same node. However, the operation of cal-
culating the operating value is substantially the same regard-
less of whether the anode/cathode is connected to the pad or
node.

[0133] As described above, the ESD protection apparatus
1A and the ESD protection verification method according to

Sep. 23,2010

the second embodiment of the present invention can extract a
diode connected to the selected pad and the diode string that
may be an ESD path.

[0134] Furthermore, as in the first embodiment, not only for
the diode connected to the selected pad but also for the plu-
rality of extracted diodes constituting the diode string, oper-
ating values based on their dimensions are calculated, and the
operating values are determined to find out whether a prede-
termined ESD withstand voltage is satisfied, such that a cor-
rection can be made to prevent the occurrence of ESD break-
down.

[0135] Consequently, according to the ESD protection
verification apparatus 1A and the ESD protection verification
method in the second embodiment of the present invention,
highly reliable ESD protection verification can be performed
at high speed.

(3) Third Embodiment

[0136] An ESD protection verification apparatus and an
ESD protection verification method according to a third
embodiment of the present invention are described with ref-
erence to FIGS. 9 and 10.

[0137] (a) Configuration

[0138] The configuration of'the ESD protection verification
apparatus according to the third embodiment of the present
invention is described using FIG. 9.

[0139] FIG. 9 shows an ESD protection verification appa-
ratus 2 according to the third embodiment of the present
invention.

[0140] Ifhigh-voltage stress due to an ESD surge is applied
across the source and drain of a MOS transistor (MOSFET),
snapback may be caused in the MOS transistor. As a result, an
ESD path may be produced between the source and the drain,
and the MOS transistor may be destroyed by the ESD.
[0141] The snapback voltage in each MOS ftransistor is
different, for example, depending on whether the MOS tran-
sistor is an N-channel type or a P-channel type, depending on
whether the MOS transistor is designed for a high breakdown
voltage or a low breakdown voltage, depending on the gate
length of the MOS transistor, depending on the gate width of
the MOS transistor, depending on the connection information
for the gate of the MOS transistor, depending on the connec-
tion information for the bulk electrode of the MOS transistor,
and depending on the number of contacts connected to each
electrode.

[0142] The ESD protection verification apparatus 2 accord-
ing to the third embodiment extracts a MOS transistor in
design layout data, and determines that the MOS transistor
may be destroyed by ESD if the intensity of the snapback
voltage of the extracted MOS transistor is less than a refer-
ence value.

[0143] The specific configuration of the ESD protection
verification apparatus 2 in the present embodiment is as fol-
low:

[0144] Asshown in FIG. 9, the ESD protection verification
apparatus 2 according to the present embodiment comprises a
pad selection unit 20 for selecting, for example, layout data
for one pad among a plurality of pads including in the design
layout data.

[0145] AnFET extraction unit (element extraction unit) 21
in the ESD protection verification apparatus 2 extracts layout
data for a MOS transistor connected to the selected pad from
the design layout data. For example, the FET extraction unit
21 checks the connection information (first connection infor-
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mation) for the source and the connection information (sec-
ond connection information) for the drain, and extracts a
MOS transistor having its source and drain directly connected
to different external pads. In addition, the MOS transistor
extracted here not only includes a MOS transistor designed as
a constituent element of a circuit but also includes a parasitic
transistor. The parasitic transistor in the design layout data is
extracted, for example, on the basis of information on a
P-type impurity region (e.g., a P-type well region) and an
N-type impurity region (e.g., an N-type well region) and on
the basis of the connection information for the constituent
elements.

[0146] An FET information checking unit (element infor-
mation checking unit) 22 in the ESD protection verification
apparatus 2 checks at least one of the kind of extracted MOS
transistor, the gate length, the gate width, the connection
information for the gate, and the connection information for
the bulk electrode, out of a database stored in a storage device
3.

[0147] A snapback voltage processing unit (operating char-
acteristics processing unit) 23 in the ESD protection verifi-
cation apparatus 2 calculates, as an operating value, the snap-
back voltage of the extracted MOS transistor from the
connection information checked by the connection informa-
tion checking unit 22 and from a database for the snapback
voltages of the MOS transistor in various design conditions
(e.g., the gate length).

[0148] The database for the snapback voltages of the MOS
transistor is created, for example, in accordance with a pre-
viously conducted simulation or experiment in the same man-
ner as the element information for the diode and its ESD
withstand voltage described in the first embodiment, and is
stored in the storage device 3. The storage device 3 also stores
the element information for the MOS transistor. In addition,
the snapback voltages of the MOS transistor may be sequen-
tially calculated by a calculating formula using the element
information including the element number and dimension of
the extracted MOS transistor without using the database.
[0149] An error detection unit 24 in the ESD protection
verification apparatus 2 compares a certain reference value
with the operating value calculated by the snapback voltage
processing unit 23, referring to the database in the storage
device 3. The error detection unit 24 detects, as an error, a
MOS transistor whose calculated snapback voltage (operat-
ing value) is less than the reference value. The reference value
is, for example, a value based on a value predicted from an
ESD breakdown current or ESD surge caused in a pad. This
reference value is found in the following manner: data based
on the result of a previously conducted experiment or simu-
lation is acquired from the storage device 3, or a value is
simulated by an error detection unit 13 from the information
for the selected pad.

[0150] A verification completion determination unit 25 is
provided in the ESD protection verification apparatus 2. The
verification completion determination unit 25 determines
whether the verifications of all the MOS transistors that can
be ESD paths are complete. If the verifications of all the MOS
transistors are not complete, unverified MOS ftransistors
present on the ESD path are repeatedly extracted, and their
snapback voltages are verified.

[0151] Furthermore, for example, an error correction unit
26 is provided in the ESD protection verification apparatus 2.
Once all the verifications are complete, the error correction
unit 26 corrects data on, for example, the dimension and
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connection information of the MOS transistor so that the
MOS transistor detected as an error satisfies a predetermined
snapback voltage.

[0152] Asdescribed above, the ESD protection verification
apparatus 2 according to the third embodiment of the present
invention determines whether the snapback voltage of the
MOS transistor calculated from the element information is
greater than or equal to a required value. Thus, whether a
MOS transistor that can be an ESD path satisfies the required
ESD withstand voltage is verified.

[0153] The ESD protection verification apparatus 2 accord-
ing to the present embodiment targets the MOS transistor for
the ESD protection verification, and extracts a MOS transis-
tor that can be an ESD path on the basis of the connection
information for the pad and the source/drain. Then, the ESD
protection verification apparatus 2 finds the snapback voltage
of the extracted MOS transistor from the element informa-
tion, and verifies the ESD withstand voltage in accordance
with the intensity of the snapback voltage. If the MOS tran-
sistor does not ensure a predetermined snapback voltage, data
on this MOS transistor is corrected. Thus, in a MOS transistor
manufactured in accordance with the design layout data, a
circuit including the MOS transistor can be prevented from
being destroyed by ESD.

[0154] The ESD protection verification apparatus 2 accord-
ing to the present embodiment checks the information on the
connection between the pad and the source/drain, and thereby
selectively extracts a MOS transistor for which no ESD
breakdown measures are taken and which can cause a snap-
back. Thus, the MOS transistor is selectively extracted, so
that the time required for the ESD protection verification is
not significantly increased, and the speed of processing for
the ESD protection verification of the design layout data is not
much deteriorated.

[0155] Furthermore, the following techniques are generally
used to prevent the ESD breakdown of the MOS transistor: a
technique that adds a salicide block resistance to at least one
of'the drain and source of the MOS transistor, and a technique
that cascodes the MOS transistors.

[0156] These techniques do not apply to the condition that
the source and drain be directly connected to pads having
different connection information. Thus, the MOS transistors
to which these methods are applied are not extracted, and the
MOS transistors for which these methods are implemented
are not erroneously determined as not satisfying the reference
of the snapback voltage.

[0157] Consequently, according to the ESD protection
verification apparatus 2 in the third embodiment of the
present invention, highly reliable ESD protection verification
can be performed at high speed.

[0158] Although the snapback voltage is used to verify
whether the MOS transistor satisfies a predetermined ESD
withstand voltage in the present embodiment, the snapback
voltage is not exclusively used and other properties may be
used as long as such properties are the electrical properties of
the MOS transistor correlated with the ESD withstand volt-

age.
[0159] (b) Operation
[0160] The ESD protection verification method according

to the third embodiment of the present invention is described
with reference to FIG. 10. In the present embodiment, the
snapback voltage of the MOS transistor is used to verify the
ESD withstand voltage of the MOS transistor that can be an
ESD path.
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[0161] FIG. 10 is a flowchart showing a processing flow of
the ESD protection verification method according to the third
embodiment of the present invention.

[0162] Forexample, as shown in FIG. 10, among a plurality
of pads included in the input design layout data, one or two
pads are selected by the pad selection unit 20 provided in the
ESD protection verification apparatus 2 (step ST20). The
selected pad is treated as a pad to serve as a base point of a
verification target.

[0163] Then, one or more MOS transistors connected to the
selected pad are selected by the FET extraction unit 21 pro-
vided in the ESD protection verification apparatus 2 (step
ST21).

[0164] In this step, the extracted MOS transistor is a tran-
sistor in which its source and drain have different connection
information and which is directly connected to the pad. Thus,
the MOS transistor for which ESD breakdown measures are
taken, for example, the MOS transistor to which the salicide
block resistance is added or the MOS transistor which is
cascoded does not satisfy the condition for connection to the
pad and is not selected. Moreover, the MOS transistor
extracted here may include a parasitic transistor. In addition,
the MOS transistor is extracted using the pad as a reference
here. However, after one MOS transistor is directly extracted
from the design layout data, the connection to the pad may be
checked.

[0165] Then, the element information and connection
information for the extracted MOS transistor are checked by
the FET information checking unit 22 (step ST22). The infor-
mation on the transistor checked here is at least one of, for
example, the kind of extracted MOS transistor, the gate
length, the gate width, the connection information for the
gate, and the connection information for the bulk electrode.
The FET information checking unit 22 checks such informa-
tion by using the data included in the design layout data or by
combining the design layout data with the data in the storage
device 3.

[0166] Furthermore, on the basis of the checked element
information and connection information, the snapback volt-
age (operating value) of the extracted MOS transistor is
acquired by the snapback voltage processing unit 23 (step
ST23). The snapback voltage (operating value) may be
acquired from a database which indicates the correspondence
between the element information and the snapback voltage
stored in the storage device 3 or may calculated by a calcu-
lation using the checked element information (e.g., the gate
length or gate width).

[0167] Then, the acquired snapback voltage is compared
with a certain reference value to find out whether this snap-
back voltage is greater than or equal to the reference value
(step ST24-1). The reference value is acquired from, for
example, a database. If the acquired snapback voltage is
higher than the reference value, it is determined that the
required ESD withstand voltage is satisfied.

[0168] On the other hand, if the acquired snapback voltage
is less than or equal to the reference value, it is determined
that the required ESD withstand voltage is not satisfied and
ESD breakdown may occur. The MOS transistor whose snap-
back voltage is determined to be less than or equal to the
reference value is checked as an error, and its coordinates
(position) are stored in the storage device, or an error mark is
added to the design layout data (step ST24-2). In addition, the
reference value is set, for example, in accordance with a value
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obtained from a predicted value of an ESD breakdown current
or ESD surge caused in the selected pad.

[0169] Then, whether the snapback voltages have been
verified for all the extracted MOS transistors is determined by
the verification completion determination unit 25 (step
ST25).

[0170] Ifthe verification is not complete, the flow from step
ST20 to steps ST24-1 and ST24-2 is repeated.

[0171] When the verification is complete, data on the
dimension and connection of the error MOS transistor, for
example, is corrected by the error correction unit 26 (step
ST26).

[0172] The ESD protection verification of the MOS tran-
sistor is completed by steps ST20 to ST26.

[0173] Asdescribed above, the ESD protection verification
method according to the third embodiment of the present
invention targets the MOS transistor for the ESD protection
verification. Then, in the ESD protection verification method
according to the present embodiment, whether the snapback
voltage of the MOS transistor calculated by use of the element
information is greater than or equal to the required value is
determined. Thus, in the design layout data, whether the MOS
transistor that can be an ESD path satisfies the required ESD
withstand voltage is determined.

[0174] In the ESD protection verification method accord-
ing to the present embodiment, a MOS transistor that can be
an ESD path is extracted on the basis of the connection
information for the pad and the source/drain, and the intensity
of the snapback voltage of the extracted MOS transistor is
used to verify the ESD withstand voltage of the transistor. If
apredetermined snapback voltage is not ensured, the transis-
tor may be destroyed by ESD, so that design data for this
MOS transistor is corrected. Moreover, the transistor to be
extracted also includes a parasitic transistor. This makes is
possible to prevent the circuit including the parasitic transis-
tor from being destroyed by ESD due to the application of the
ESD breakdown current or ESD surge to the parasitic tran-
sistor without being reduced by other elements.

[0175] In the present embodiment, the information on the
connection between the source/drain and the pad is checked
to detect a MOS transistor for which no ESD breakdown
measures are taken and which can cause a snapback.

[0176] Therefore, there is neither a significant increase in
the time required for the ESD protection verification of the
MOS transistor nor considerable deterioration in the speed of
the ESD protection verification of the design layout data.
Moreover, a MOS transistor for which the ESD breakdown
measures are taken is not determined as not satistfying the
required ESD withstand voltage for the reason that this MOS
transistor does not satisfy a dimensional reference.

[0177] Consequently, according to the ESD protection
verification method in the third embodiment of the present
invention, highly reliable ESD protection verification can be
performed at high speed.

(4) Modification

[0178] A modification of the embodiments of the present
invention is described using FIG. 11.

[0179] The ESD protection verification method described
in the first to third embodiments can be applied to a program.
[0180] That is, the ESD protection verification apparatus
described in the first to third embodiments may be a computer
5. For example, the computer 5 has a control unit 7A and a
processing unit 7B. The ESD protection verification method
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shown in F1G. 4, 8 or 10 is written as a program. This program
is stored in, for example, the control unit 7A in the computer
5 shown in FIG. 11. However, the program (software) may be
provided by being stored in a storage unit (not shown) sepa-
rately provided inside or outside the computer 5. Moreover,
the program may be provided to the control unit 7A via a
communication line such as the Internet.

[0181] Design layout data is input to the computer 5. The
control unit 7A causes the processing unit 7B to execute the
steps shown in one of FIGS. 4, 8 and 10 in accordance with the
program.

[0182] As a result, the verification of the ESD withstand
voltage that considers the parasitic diode or the verification of
the ESD protection that considers the snapback voltage of the
MOS transistor is performed for the design layout data input
to the computer 5.

[0183] It goes without saying that effects similar to the
effects provided by the ESD protection verification apparatus
and the ESD protection verification method described in the
first to third embodiments of the present invention can also be
obtained if the program in which the ESD protection verifi-
cation method is written is used as in the present modification.
[0184] Consequently, if the ESD protection verification
method according to the embodiments of the present inven-
tion is applied to the program, highly reliable ESD protection
verification can also be performed at high speed.

(5) Addition

[0185] According to the first to third embodiments of the
present invention, highly reliable ESD protection verification
can be performed at high speed.

[0186] It goes without saying that the first to third embodi-
ments of the present invention may be used in suitable com-
bination instead of being separately used.

[0187] Although the diode and parasitic diode in the analog
circuit are mainly targeted for the ESD protection verification
in the cases described in the first to third embodiments of the
present invention, it goes without saying that the diode in the
logic circuit may also be included.

[0188] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ESD protection verification apparatus comprising:

an element extraction unit which extracts one or more
elements connected to a first pad included in design data
for a semiconductor integrated circuit;

afirstelement information checking/processing unit which
checks connection information for the extracted element
to determine one or more first connection information
elements and which calculates a first operating value
based on design information for the first connection
information element, the first connection information
element being configured so that a first electrode of the
extracted element is connected to the first pad;

a first error detection unit which compares a first reference
value with the first operating value to determine whether
the first connection information element has a predeter-
mined ESD withstand voltage;
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a second element information checking/processing unit
which checks connection information for the first con-
nection information element to determine one or more
second connection information elements and which cal-
culates a second operating value based on design infor-
mation for the second connection information element,
the second connection information element being con-
figured so that a second electrode of the first connection
information element is connected to a second pad dif-
ferent from the first pad; and

a second error detection unit which compares a second
reference value with the second operating value to deter-
mine whether the second connection information ele-
ment has a predetermined ESD withstand voltage.

2. The ESD protection verification apparatus according to

claim 1, further comprising:

an element group detection unit which checks the extracted
element to find out whether the second electrode is con-
nected to a pad other than the first pad, and detects an
element connected to the second electrode when the
second electrode is connected to no pad.

3. The ESD protection verification apparatus according to

claim 1, further comprising:

an error correction unit which corrects the design informa-
tion for the first or second connection information ele-
ment not having the predetermined ESD withstand volt-
age when the first or second connection information
element is determined not to have the predetermined
ESD withstand voltage.

4. The ESD protection verification apparatus according to

claim 1, further comprising:

a storage device which stores the design information and
ESD withstand voltage information corresponding to
the design information, wherein the design information
indicates dimensions corresponding to a plurality of ele-
ments in the design data.

5. The ESD protection verification apparatus according to

claim 1, wherein

the element extraction unit extracts a diode constituting a
circuit, an ESD protection diode and a parasitic diode.

6. The ESD protection verification apparatus according to

claim 5, wherein

the first operating value is a value based on at least one of
the area, circumference, length and width of each of the
diode, the ESD protection diode and the parasitic diode.

7. The ESD protection verification apparatus according to

claim 1, wherein

when two or more first connection information elements
are determined, the first element information checking/
processing unit calculates the sum of the dimensions of
the first connection information elements as the first
operating value.

8. The ESD protection verification apparatus according to

claim 1, wherein

when two or more second connection information ele-
ments are determined, the second element information
checking/processing unit calculates the sum of the
dimensions of the second connection information ele-
ments as the second operating value by using, as one
unit, two or more second connection information ele-
ments connected to the same second pad.

9. An ESD protection verification apparatus comprising:

an element extraction unit which selects one first pad from
a plurality of pads included in design data for a semi-
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conductor integrated circuit and extracts an element
connected to the selected first pad;

an element information examining unit which checks
design information for the extracted element;

aprocessing unit which calculates an operating value indi-
cating operating characteristics of the extracted element
on the basis of the checked design information; and

an error detection unit which compares the operating value
with a reference value and determines whether the
extracted element has a predetermined ESD withstand
voltage.

10. The ESD protection verification apparatus according to

claim 9, further comprising:

an error correction unit which corrects the dimension of the
element not having the predetermined ESD withstand
voltage in the design data when the extracted element is
determined not to have the predetermined ESD with-
stand voltage.

11. The ESD protection verification apparatus according to

claim 9, further comprising:

a storage device which stores information on operating
characteristics corresponding to a plurality of elements
in the design data, and ESD withstand voltage informa-
tion corresponding to the operating characteristics infor-
mation.

12. The ESD protection verification apparatus according to

claim 9, wherein

the extracted element is directly connected to the first pad.

13. The ESD protection verification apparatus according to

claim 9, wherein

the element extraction unit extracts a field effect transistor
and a parasitic transistor.

14. The ESD protection verification apparatus according to

claim 9, wherein

the operating characteristics are a snapback voltage of a
transistor.

15. An ESD protection verification method comprising:

extracting one or more elements connected to a first pad
included in design data for a semiconductor integrated
circuit;

checking connection information for the extracted element
to determine one or more first connection information
elements, and calculating a first operating value based
on design information for the first connection informa-
tion element, the first connection information element
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being configured so that a first electrode of the extracted
element is connected to the first pad;
comparing a first reference value with the first operating
value to determine whether the first connection informa-
tion element has a predetermined ESD withstand volt-
age;
checking connection information for the first connection
information element to determine one or more second
connection information elements, and calculating a sec-
ond operating value based on design information for the
second connection information element, the second con-
nection information element being configured so that a
second electrode of the first connection information ele-
ment is connected to a second pad different from the first
pad; and
comparing a second reference value with the second oper-
ating value to determine whether the second connection
information element has a predetermined ESD with-
stand voltage.
16. The ESD protection verification method according to
claim 15, further comprising:
correcting the design data for the first or second connection
information element not having the predetermined ESD
withstand voltage when the first or second connection
information element does not have the predetermined
ESD withstand voltage.
17. The ESD protection verification method according to
claim 15, further comprising:
determining whether the second electrode of the first con-
nection information element is connected to a pad exclu-
sive of the first pad or to an electrode of another element.
18. The ESD protection verification method according to
claim 15, wherein
the extracted element is an ESD protection diode, a diode
constituting a circuit, and a parasitic diode.
19. The ESD protection verification method according to
claim 15, wherein
the extracted element is a field effect transistor and a para-
sitic transistor in which one end of a current path is
directly connected to the first pad.
20. The ESD protection verification method according to
claim 15, wherein
the design information indicates at least one of a dimension
of the element and electrical properties of the element.
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